The fundamentals of the anomalous X-ray scattering (AXS) method for materials characterization have been described by focusing our attention on the structure of non-crystalline oxide systems. This relatively new method makes it possible to provide the environmental structure around a specific element, which is not obtained from the conventional X-ray diffraction results, in multi-component non-crystalline systems.
INTRODUCTION
There is a vast amount of research on new materials In this regard, the anomalous X-ray scattering (hereafter referred to as AXS) method appears to provide answers without any assumption for many more elements in the periodic table 111. The availability of the intense white X-rays from the synchrotron radiation Vol. 22, No. 2, 2003 
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source has greatly improved both acquisition and quality of the AXS data by enabling the use of an energy in which the anomalous dispersion effect is the greatest. It may safely be said that the AXS method is quite useful by providing information about the local chemical environment around a specific element in multi-component non-crystalline oxides, without complete separation of the full set of the partial RDFs.
The main purpose of this paper is to describe an extended introductory treatise on the novel application of the AXS method to structural characterization of noncrystalline oxides with some selected examples.
FUNDAMENTALS FOR THE AXS METHOD
The method for analyzing the measured AXS intensity data for non-crystalline systems has been described in detail /7,8/ and therefore, only some essential points and additional details are given below.
Most oxide systems of interest from various aspects are usually not simple and they contain more than two kinds of elements. Thus a single diffraction experiment gives only a weighted sum of the atomic pair correlation for individual constituents. For example, the reduced interference function, i(Q,E), of a binary non-crystalline system can be described as follows, using the coherent X-ray scattering intensity I(Q,E), corresponding to the structurally sensitive part of the total scattering intensity: When the energy of incident X-rays is close to an absorption edge of one of the constituent elements in a sample, a distinct energy dependence appears in the measured intensity due to the anomalous dispersion effect. This is interpreted by the resonance effect in which the oscillations of the corresponding Κ or L shell electrons are strongly disturbed. In such energy region, the atomic scattering factor should be described by,
i(Q,E)^I(Q,E)-YcJ t \Q,E)
where /°(ß) corresponds to the scattering factor of the constituent atom at the energy, sufficiently away from the absorption edge. /'(£) and f"(E) are the real and imaginary components of the anomalous dispersion. binary non-crystalline system, the energy variation detected in the measured intensities,
should be attributed to a variation in the real part of anomalous dispersion terms for the element A. This also means that the quantity of AI A (Q,E U E 2 ) contains the environmental structure around A by describing two partial structure factors, öaa(0 and a AB (Q).
It would be very interesting and useful to extend this concept of the environmental structure around A to the multi-component non-crystalline systems, containing more than three elements. This is because the partial structure functions are frequently found to be difficult to estimate from measured intensity data even for a binary case /4-6/. It is worth mentioning that the basic concept of the partial structure is perfectly unchanged in the environmental structure function analysis. The following merit may be stressed with respect to the AXS method, especially for analyzing the structure of solution contained in a cell and amorphous thin film grown on a substrate. A solution sample is usually contained in a cell with windows transparent for X-rays.
For quantitative structural analyses, the intensity from the solution sample alone should be obtained by accurately correcting the scattering intensity from the window materials. This is usually estimated from the total intensity data using the intensity only from the window materials corrected for absorption by the solution sample 111.
In the AXS measurements at the incident energies of Right part is a facility which bends the incident X-rays so as to keep the constant glancing angle α against the melt samples. X-ray optics for the asymmetrical reflection mode is also given.
4.. SELECTED EXAMPLES OF THE STRUCTURAL DETERMINATION FOR OXIDE GLASSES

Ge0 2 glass
The coherent X-ray intensity profiles of a Ge0 2 glass were measured with energies of 10.805 and 11.080 keV, which correspond to 300 and 25 eV below the Ge K'-absorption edge (11.103 keV), respectively /8/. for this case is given in Fig. 8 . In other words, the average number of type-Α atom around any type-y atom, N jk , is separated by an average at the distance r jk and its distribution may be described by a discrete Gaussian like distribution with a mean-square variation of 2bß,.
-
On the other hand, the distribution for higher order 0<0=ΣΣ>, t4- 
GeC>2 glass
Environmental Q&iß e (Q) Table   2 together with the crystalline zirconium oxides /34, 35/.
In this calculation, the parameters of the 0-0 pair correlation were fixed as suggested from m-Zr0 2 with 22% random vacancy model, because of their insignificant contributions as described above. Since the variation of N jk and r Jk depends upon the initial structural model, the parameters listed in Table 2 should However, it should be kept in mind that this method is not a unique mathematical procedure and the structural parameters can be quantified with a much higher reliability, satisfying the necessary conditions at best.
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It is found in Table 3 It is found in Table 3 Table   3 , the first nearest neighbor distance of Cu-Cu pair is estimated to be 0.341 nm. This correlation is not recognized in crystalline Cul, but is found in molten Cul. Consequently, the local ordering structure of the added Cul gets into the glassy oxide matrix, keeping the local environment similar to that in molten Cul.
It may be noted that similar AXS analysis has been applied to the super-ionic conducting glass system of terms is typically 15-25% of the normal atomic scattering factor at the /^-absorption edge and it appears to be substantially larger (over 50%) at the Ζ,-absorption edge. Thus, the AXS method coupled with the intense white X-ray source is believed to be no longer a novel technique and it would be recognized as a powerful tool for determining the fine structure in multi-component non-crystalline systems.
